Introduction
When, in the past, observations were limited to the visible spectrum, interstellar extinction could be understood by the presence of large (compared to the wavelength) forward scattering grains, with scattering and extinction crosssections proportional to 1/λ; the visible extinction curve (A λ as a function of 1/λ) is linear in 1/λ. The column density of large grains between a star and the observer is proportional to the slope of the visible extinction A λ , which is twice the visible reddening E(B − V ) = A B − A V of the star if λ is expressed in µm.
The problem of interstellar extinction was complicated by the release, in the 1960-70's, of the first UV spectra of reddened stars. Extinction in the UV is less than the UV extension of the linear (in 1/λ) rise of the visible extinction, which can be explained either by a specific composition and size distribution of interstellar dust, or by an addition of starlight scattered and re-injected into the beam of the telescope. In the former case we do see what we think we see, i.e. the direct light from the star extinguished by interstellar dust. In the latter the effect of the additional component of scattered light diminishes the impression of extinction of the direct starlight by the large grains.
The UV extinction curve exhibits a marked extinction feature, centered close to 2200Å, in its near-UV part, and consists of a steep rise, though still under the UV extension of the visible extinction, in the far-UV.
If we observe the direct and extinguished light from reddened stars, the relation between these features and the large grains, and their variations from cloud to cloud, may be investigated by comparing extinction curves in different directions, normalized to a common slope in the visible (i.e. to the same column density of large grains). If extinction curves in different directions are normalized by E(B − V ), their visible parts superimpose well, but large and unpredictible variations in the bump region and in the far-UV are observed (Figure 6 in Bless & Savage (1972) ): for an equal column density of large grains, the observed UV extinction can noticeably differ from one interstellar cloud to another.
Consequently, if the light we receive from a reddened star is dominated by the direct extinguished light from this star, large grains do not contribute to the UV extinction features, and their UV extinction must be a flat underlying continuum. Different types of particles -a minimum of three-are then needed to explain the visible to UV extinction curve (Désert et al., 1990; Greenberg, 2000) . Large grains are responsible for the extinction of starlight in the visible and have a grey extinction in the UV. The 2200Å bump feature is attributed to a distribution of small grains, and the far-UV rise of the extinction should be due to the presence in interstellar clouds of Polycyclic Aromatic Hydrocarbons (PAHs: Allamandola et al. (1985) ) molecules.
The respective proportion of each of these three types of particles determines the importance of the extinction in each of the three parts (visible, 2200Å bump, and far-UV regions) of the extinction curve. The observed extinction curve in one direction is then the sum of these 3 extinctions, and requires at least 3 parameters to be fitted. In fact, Fitzpatrick & Massa (1986 , 1988 , 1990 have shown that such a decomposition needs 6 independent parameters. However, this standard interpretation of the extinction curve meets observational and analytical difficulties.
The observed relationships between the different parts of the extinction curve (see Figure 4 in Savage et al. (1985) , Figure 9 in Savage (1975) , and Zagury (2001d) ), are difficult to reconcile with a three component grain model in which the proportion of each type of particles varies with the line of sight, and in an unpredictable way. In addition, no dependence of the different types of particles on environment has ever been evidenced (Jenniskens & Greenberg, 1993) , so that the reason for these variations remains a mystery. For example, the claim that large grains might be destroyed into small grains in low column density, UV-exposed, regions, is contradicted by the linear relation which exists (Savage, 1975) between the bump height and E(B − V ); this relationship means that the column density of small grains must grow in proportion to that of large grains. More specific problems remain: these include the precise identification of the PAH, the means by which they absorb the UV and re-emit in the near infrared, and the difficulty of reproducing in laboratory particles with such particular properties.
Recent analysis of UV observations by the International Ultraviolet Explorer (IUE) satellite contradict the near-UV breakdown of the extinction by large grains that is assumed by the standard theory. The scattering cross-section deduced from the UV spectra of nebulae varies as 1/λ (Zagury, 2000a) , as in the visible, which proves the continuity of the scattering cross section of interstellar matter, and a fortiori the continuity from the visible to the UV of the extinction law by large grains.
The visible-UV continuity of the extinction by large grains was further demonstrated for directions where the extinction is very low; the light we receive from stars with E(B − V ) << 0.1 mag. is extinguished by the same exponential of 1/λ in the visible and in the UV (Zagury, 2001c) . At intermediate reddenings (∼ 0.1 < E(B − V ) <∼ 0.4) the visible extinction law still extends in the near-UV, down to the bump region (Zagury, 2000b) .
Analytically, the situation of the standard theory is no better. Not only have Fitzpatrick & Massa (1988) been unable to give any physical meaning to their mathematical expression of the far-UV extinction curve, but the Fitzpatrick & Massa (1990) fit for extinction curves is curiously confined to the UV domain: its extension to the visible often diverges from the observations (see Figure 4 of this paper and section 11.1 for a detailed discussion on this point). Second (and it is stricking that this was passed over in silence in nearly all the articles published so far on the three component grain model) Cardelli et al. (1989) have shown that in many cases extinction curves can be fitted using one parameter only, over all the visible-UV spectrum. If one parameter is enough to reproduce a large set of extinction curves, why does the standard theory of extinction needs 6 parameters? And why, with so many degrees of freedom, is it not able to do as well as the Cardelli et al. (1989) fit, i.e. to reproduce the complete visible+UV extinction curve?
Unless one has absolute faith (Li & Greenberg (2002) , 'In Dust We Trust. . . .') in the three component model, the several problems met by the standard theory of interstellar extinction prompt out to seek for other solutions. The only alternative to the standard theory is if the UV light we receive from reddened stars is not direct starlight alone, as it has been accepted so far, but that it also contains a non-negligible proportion of scattered light. Scattered light will first modify the UV part of the spectrum because it is in the UV that extinction, thus the number of photons available for scattering, is the highest.
The scattered light component is most easily observed in directions of moderate reddening where it is limited to the far-UV wavelengths. In these regions, it clearly appears as an excess superimposed on the tail of the exponential extinction by the large grains (Zagury, 2000b) . At large optical depths, direct starlight, extinguished by large grains, becomes much smaller than scattered light. This is especially true at UV wavelengths, where, if the linear extinction by large grains extends to the UV, a moderate column density of interstellar matter will be able to extinguish all the direct starlight: we no longer see the star but its light scattered by foreground interstellar matter. If the visible reddening E(B − V ) is important, the scattered light component can be large enough to modify the near-UV extinction, and even be detected in the visible (Zagury, 2001a) .
The lower level of extinction in the UV, compared to what is expected by Mie theory for 'normal' large grains, is due not to a change of the extinction law of these grains between the visible and the UV and to additional particles, but to this addition of scattered light.
This not only conforms to observations, but also leads to a simplification in our understanding of the interstellar medium: large grains follow a continuous, linear, extinction law from the near infrared to the far-UV; their properties are the same in all directions. The constraints on the nature of large grains implied by the standard theory, as well as the need for a grey extinction in the UV, are removed.
My papers published over the past three years have highlighted some properties of the scattered light component. To explain both its importance, a probable dependence on λ as 1/λ 4 , and the small angle within which it is efficient, it seems that scattering must be coherent, thus confined to a very small angle (of order 10 −8 ") around the direction of the star, and due to spherically symetric particles (Zagury, 2002c) . Hydrogen fullfills all the conditions imposed to the scatterers (Zagury, 2002c ). In the first part of this paper I will reinvestigate some aspects of coherent scattering from the near forward directions (section 2 to section 5). Amongst the consequences, I shall then discuss the extinction curve of stars with circumstellar dust (section 7 to section 9), the spurious effect a scattered light component can have on distance estimates established by means of photometry (section 10), and the fit of the extinction curve (section 11). I will conclude by a brief survey of minimum conditions under which coherent forward scattering could be evidenced in a laboratory experiment (section 12).
Incoherent scattering
Let us consider a star of luminosity L ⋆ observed behind an interstellar cloud. The cloud is at a mean distance d 0 from the star and l 0 from the observer. D = d 0 + l 0 is the distance star-observer. d and l are the distance of a point M of the cloud, its distance to the star-observer axis is h (see Figure 1 ).
The star is assimilated to a point source of unreddened flux measured by an observer on earth:
The power per unit surface received by the observer due to the scattering of starlight by one atom, with scattering cross section σ, at M is:
For an average column density of hydrogen N H of the cloud, the power scattered by the gaz reaching earth per unit surface can be estimated by:
if the scattering is not coherent.
Considerations on energy conservation show that the power scattered by an homogenous medium and received per unit surface will not exceed F 0 . This is demonstrated by imagining a spherical sheet of gas centered on the star and dense enough to extinguish all of its light. The scattered light received by a unit surface of a second sphere of radius D will then be at its maximum and, for reasons of symetry,
In more realistic situations, unless the star is very close to the cloud (Zagury, 2003a) , there is little chance of observing incoherent scattering by the gas which quickly decreases with d 0 , and because of the small rayleigh cross section of hydrogen. And indeed, since Henyey & Greenstein (1941) , observations of scattering by foreground clouds are usually explained by scattering by large forward scattering grains.
P us , for a cloud half way between the star and the observer (l 0 = d 0 = D/2), will be:
with σ 0 = σλ 4 , and x = tg 2 θ.
Typical reddenings E(B − V ) of a few 0.1 mag. (A V ∼ a few 0.3 mag.) correspond to column densities of hydrogen N H ∼ 10 21 cm −2 (Bohlin et al., 1978) . σ 0 for hydrogen is 3.71 10 −47 cm 6 . In the UV, 1/λ 4 is of order 10 20 cm −4 . The maximum contribution of incoherent scattering by the gaz to the UV light received from the direction of the star estimated by Equation 4 will be small, of order 10 −6 F 0 . In similar conditions, calculations made in Zagury (2001b) gave for the scattering by large grains a contribution which can be two orders of magnitude larger (∼ 10 −4 F 0 ).
Coherent scattering in the near forward directions
It is only in the near forward directions that scattering is singular enough to require a more specific attention since the waves scattered by all the atoms on the line of sight, regardless of their spatial organisation, keep a phase relation (Bohren & Huffman, 1983) .
This coherent scattering is superimposed on the incoherent scattering estimated above, and restricted to a very small volume of the cloud around the direction of the star. As a first approximation, it will be assumed that the coherent scattered light can be described by a mean surface S 0 of the cloud around the direction of the star, and by n c atoms of the cloud within S 0 , so that the intensity of the coherent scattering the observer measures is simply n 2 c P u .
This assumption separates a focused beam of scattered light (received from the near-forward directions), from the classical incoherent scattered light (received from the rest of the cloud). Reality is certainly more complex, with successive regions in phase and in phase opposition, as we move away from the direction of the star. The simplified approach adopted here will nevertheless be used to derive first orders of magnitude for S 0 , n c , and for the power P cs of the coherent scattered light received by the observer.
Judicious definitions of S 0 and of n c are not so easy to fix (see section 6), but S 0 should roughly scale with the first Fresnel zone, and n c can logically be estimated by N H S 0 .
If ∆ is the difference between the star-atom-observer pathlength and D, S 0 is defined by ∆ < ∆ 0 , the order of magnitude of ∆ 0 being given by the wavelength (λ ∼ 0.1 µm in the UV).
For small angles (see Figure 1 ):
The variation δ∆ of ∆ across the cloud of thickness e, along direction θ is:
∆ < ∆ 0 ∼ λ implies θ < θ 0 (condition 1 of Zagury (2002c)), with:
The surface of the cloud intercepted by the cone of semi-angle θ 0 is:
The observer and the source of light play symetric roles in the expression of S 0 . For a given value of D, S 0 is maximum when the cloud is in-between the star and the observer (l 0 = d 0 = 0.5D).
The order of magnitude of n c is:
The power per unit surface due to the coherent scattering and received by the observer is:
The power P S 0 extinguished by the gas in S 0 is:
The ratio P S 0 /P cs is:
4 Numerical orders of magnitude
Numerical application
For numerical applications I will suppose optimum conditions for coherent scattering in the forward direction, i.e. d 0 = l 0 = D/2. The cloud will be a hundred parsec far from the sun, with an average column density N H = 10 21 cm −2 . The rayleigh cross-section of hydrogen at λ = 1500Å (1/λ = 6 µm −1 ), the UV wavelength used in this section, is σ = 7 10 −28 cm 2 . We are still in the low column density approximation since σN H ∼ 10 −7 << 1.
Under these conditions, the following orders of magnitude are obtained:
r 0 is the radius corresponding to surface S 0 . S 0 is large compared to the surface of the geometric beam s 0 = 0.5 cm 2 of direct starlight at the cloud position.
Equation 17 shows that P cs can be much larger than F 0 (see the discussion of section 6 on this point). But it remains less than the power the gas extinguishes in S 0 , P S 0 = 4πl 0 ∆ 0 σN H F 0 = 4 10 10 F 0 , so that energy conservation is ensured. We have:
Comparison with observations
If extinction by large grains affects scattered light in the same proportion as direct starlight, and if the Rayleigh (exponential in 1/λ 4 ) extinction by the 
is the reddening determined from the fit of the extinction curve (section A). The ratios equal P cs /F 0 as long as the gas exponential extinction term, e −g/λ 4 (section 11), can be neglected. There is an average increase of the ratio with E uv .
gas remains small, P cs /F 0 is equal to the observed ratio of scattered to direct starlights.
Figure 2 plots the ratio of scattered to direct starlights for a number of stars for which these two components have been estimated (Zagury (2001a) and the Appendix of this paper). The ratio of scattered to direct starlights increases with column density, as expected. The effect of gas extinction (the exponential of 1/λ 4 in Table A .1) on the fits of the reduced spectra is small under 1/λ ∼ 6 µm −1 , meaning that for this sample of stars P cs /F 0 is in the range [0.1, 100] around 1500 µm. For N H = 10 21 cm −2 (E uv ∼ 0.2) the observed P cs /F 0 is between 0.1 and 10 (Figure 2 ), thus substantially smaller than in the idealized conditions of sections 3 and 4.1. P cs /F 0 can grow with larger values of E(B − V ), but it cannot grow too much because the gas extinction term e −g/λ 4 of equation 20 will then become important.
Paradoxes
The approximations made in sections 3 are equivalent to supposing the presence of N H S 0 atoms in the first Fresnel zone, and nothing in its immediate vicinity. It was then proved (section 4) that the coherent light scattered by these atoms is enough to explain the deviation from the linear extinction by large grains observed in the UV. This simplification, a first order estimate of the problem, is nevertheless too short to reach the exact expression of P cs . Two points will in particular be remarked:
• The dependence on λ of P cs deduced from equation 10 (P cs ∝ σn 2 c ∝ λ −2 ) does not agree with observation which indicates (Zagury, 2001a,d) 
dependence.
• According to equation 10, P cs does not depend on the geometry while, if the scattering medium is close to the star, path-lengths' differences will be large even very close to the direction of the star; coherent scattering is restricted to a quasi-null surface around the complete forward direction (S 0 → 0 if d 0 → 0, equation 8), and P cs should tend to 0.
I think the reason for these two paradoxes comes from the definition adopted for n c . n c was estimated by n c = N H S 0 , with N H the mean gas column density of the cloud in the direction of the star, and S 0 the first Fresnel zone, defined by equation 8. Although S 0 should give a good idea of the extent of the surface within which coherent scattering is limited, n c = N H S 0 assumes that all atoms on all the lines of sight within S 0 give an equal contribution to the coherent scattering. Equation 6 shows this is not the case, precisely that the spatial extent of coherence along one line of sight decreases with its angular distance θ from the star, with increasing wavelength and as D/(d 0 l 0 ), which is logical.
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The number of particles which participate to the coherent scattering will grow with S 0 , but should decrease with δ∆. If each line of sight is to be weighted by 1/δ∆, we can imagine that the dependence of S 0 on λ in the exact calculation of P cs is compensated by the dependence of δ∆, leaving unchanged the final λ −4 dependence of the scattered light component. The introduction of δ∆ in the estimate of P cs will also modify the relation of P cs to geometry in the expected way.
Energy conservation
Energy is conserved since P cs is much less than P S 0 (section 4.1), the power extinguished by the gas within S 0 .
However the power of the coherent scattered light received per unit surface, if it is corrected for the extinction by large grains, must be orders of magnitude larger than F 0 for the direct light component to be negligible compared to the scattered light in the UV spectrum of reddened stars. This may appear to contradict the reasoning of section 2 according to which a unit surface at the position of the observer cannot receive more power than F 0 (if the scattering medium is homogenous, section 2).
The reason may be that interstellar clouds are not homogenous at scales larger than r 0 . Reality is then in between these two extreme approximations, of a perfectly homogenous medium on the one hand, of a concentration of gas in the first Fresnel zone (and nothing around) on the other. This is further justified by the observational orders of magnitude found in section 4.2 which are significantly smaller than the theoretical predictions of section 4.1, and higher than what the brightness of an homogenous medium can be presumed to be.
Stars with circumstellar dust
We expect (section 5) stars with circumstellar dust to have less scattered starlight contamination than if they were farther behind a cloud. If, as I believe (Zagury, 2002b) , the bump is associated with the scattered light component, it follows that stars surrounded by interstellar matter should have a smaller bump than expected from their reddening. This is exactly the conclusion Sitko et al. (1981) reach from a sample of hot stars with a dust shell.
In the next sections I discuss the case of planetary nebulae (P.N.), and the shell stars of Sitko et al. (1981) article. Two methods can be used to detect an absence of scattered light in the UV spectrum of these object. One way is to prove [as it was done in Zagury (2001c) for directions of very low reddening] that the extinction law remains the same in the visible and in the UV: this is the case if the UV reduced spectrum of the object exponentially decreases as e −2Euv/λ (λ in µm, see Zagury (2000b) ), with E uv ∼ E(B − V ). Another way is to check the presence of a 2200Å bump: the study given in Zagury (2001c) , on the extinction in very light interstellar media, shows that the threshold of E(B − V ) above which a bump generally appears should be around 0.05 mag.; it is also above this value that the far-UV part of the extinction curve will in general no more be fitted by a straight line. The absence of a bump for a reddening much larger than 0.05 mag. indicates that the scattered light component is negligible.
Stars with circumstellar dust; planetary nebulae
For this section I will use the large dataset of planetary nebulae (P.N.) from Table 1 in Cazetta & Maciel (2000) , and the P.N., observed by Hipparcos, of Acker et al. (1998) . This sample of P.N. covers a large part of class 70-71 IUE objects (planetary nebulae observed with and without the central star).
In Table 1 and Table 2 , these P.N. have been classified according to whether they have a bump at 2200Å or not. P.N. are presented in decreasing order of reddening.
The striking difference of P.N. with no bump and P.N. with a bump, is that the reddening of the former is on the average much lower than that of the latter. This increase of reddening of P.N. with a bump compared to that of P.N. with no bump correlates with an increase of the 'large scale' reddening, E ci , due to interstellar cirrus on the line of sight. Consequently, the difference of reddening between the two classes of P.N. (from Table 1 and Table 2 ) will be attributed to a difference of foreground extinction. If this part of the reddening could be identified and substracted, it is probable that Table 2 and Table 1 would be alike.
Thus, if it is assumed that the two sets of P.N., P.N. with a bump and foreground dust from Table 2 , and P.N. without an apparent bump and negligible foreground dust from Table 1 , differ because of the foreground extinction but have the same intrinsic properties on the average, it will be concluded that:
• The reddening of a P.N. due to circumstellar dust is generally low. For most P.N., intrinsic E(B − V ) should not exceed 0.1-0.2 mag.. Except for a few cases, larger extinctions are due to foreground dust.
• A 2200Å bump in a P.N. is due mainly to foreground dust, not to the surrounding material.
That the intrinsic E(B − V ) should be low, 0.1-0.2 mag at most, reflects a general feeling, already expressed in the literature (Phillips (1984) ). According to Phillips (1998) , exceptions are compact nebulae of small radius (< 0.1 pc). This may be the case of A35, NGC6905 and NGC5189 in Table 1, and of  IC4997 and HD167362 in Table 2 , for which the intrinsic reddening is apparently large, since the large scale reddening is low in these directions (though local enhancements of the foreground column density can not be excluded). A35, NGC6905 are cited by Phillips (1984) (see his Figure 3 ) as two among the few P.N. with higher intrinsic reddening than the average.
The absence of an apparent bump in these nebulae, as for the P.N. with E(B − V ) larger than 0.05, lends weight to the idea expressed in section 7 that surrounding material does not contribute much to the bump feature.
To conclude this section on the reddening of planetary nebulae, it is worth mentionning the article of Stasińska et al. (1992) (and references therein), which compare the interstellar extinction of P.N. by means of photometry and a standard extinction law, and by means of radio measurements. There seems to be a systematic difference (always in the same way) when the reddenings found by the two methods are compared. This difference increases with reddening. According to Stasińska et al. (1992) , it can only be due to a modification of the interstellar extinction law for clouds at larger distances than 2.2 kpc from the sun. At these distances, R V = A V /E(B − V ) would be smaller than in the vincinity of the sun.
Strictly speaking the results of Stasińska et al. (1992) state that:
• The observed extinction law depends on the distances (l 0 and d 0 ) from the observer.
• Standard extinction laws do not properly describe the interstellar reddening.
Both items agree with the ideas discussed so far in this paper.
9 Stars with circumstellar dust; Sitko et al. (1981) 
shell stars
The first columns of Table 3 list the main characteristics of the shell stars used in Sitko et al. (1981) . In this paper, the authors show that when intrinsic and foreground reddenings can be separated, the bump feature associated with the intrinsic reddening is less than expected for a 'normal' star extinguished by the same amount of foreground interstellar matter. Table 3 are ordered by decreasing E(B − V ). HD44179, the Red Rectangle, was excluded from the table, since we know today that we do not observe the star, hidden behind a thick torus of dust, but scattered starlight escaping from the edges of the torus (Waelkens et al., 1995) . ZCMa (HD53179) and HD31648 were also discarded because the noise level of their LWP and/or SWP spectra is nearly as high as the signal itself.
Stars in
All stars in Table 3 have cirrus on their line of sight. Column E ci is the average opacity of the cirrus in the direction of each star (Schlegel et al., 1998) and column I 100 /I 60 its mean infrared color. Since the extinction due to these cirrus can be important, a major problem is to separate the reddening by circumstellar dust from the one due to the cirrus.
Separation of intrinsic and foreground reddenings
From the mean linear relation which exists between the 100 µm and the 60 µm emissions (seventh column of Table 3) in the vicinity of each star, we can calculate what should be the 100 µm emission of the cirrus at the position of the star, I 100,ci , for the 60 µm surface brightness measured by IRAS at the same position. The comparison of I 100,ci to I 100,⋆ , the measured 100 µm surface brightness at the position of the star, gives an indication on the respective proportions of foreground and intrinsic reddenings: if the proportion of foreground reddening is large I 100,⋆ /I 100,ci should be close to 1, while a large proportion of intrinsic reddening should imply a high 60 µm surface brightness at the position of the star (because of the heating of the dust surrounding the star); thus a low I 100,⋆ /I 100,ci .
Additional indications on the origin of the reddening of the stars will come from the distance; from the comparison of E ci with the reddening of the stars; and from the level of this reddening, since intrinsic reddenings, as for P.N., can be presumed not to exceed 0.1-0.2 mag.
These criteria applied to Table 3 permit the separation of BD+40
• 4124, BD+61
• 4124, V380 Ori, and HD190073, on the one hand, from HD45677, AB Aur, and HD50138 on the other. The cases of HD259431 and of HD163296, both at low galactic latitude, are more difficult to fix. HD259431 has an intermediate I 100,⋆ /I 100,ci value, and its reddening is larger than what can be expected for a normal intrinsic one, which may be due to a better equilibrium between intrinsic and foreground extinctions. For HD163296 I 100,⋆ /I 100,ci is close to 1 but this pre-main sequence star is close to the sun, and its reddening is low and may be due to the dust surrounding the star.
The main source of reddening for the former stars, BD+40
• 4124, V380 Ori, and HD190073, is probably foreground dust. If so, the low foreground reddenings (<< 0.1 mag.) Sitko et al. (1981) find for V380 Ori and for HD190073 are underestimated. This should also be the case for BD+61
• 4124, for which Sitko et al. (1981) give E ci ∼ 0.3 mag.. The proportion of inrinsic reddening for HD45677, AB Aur, and HD50138, is larger.
9.2 The bump feature and intrinsic reddening Sitko et al. (1981) tried to correct the extinction curves of AB Aur, HD50138, HD259431, and HD45677, for their foreground reddening, using a standard extinction law. This correction being done (Figure 9 of Sitko et al. (1981) ) the authors find a bump feature (attributed to intrinsic reddening) much lower than expected from a 'normal' reddening by foreground dust. This conclusion is supported by a direct analysis of the reduced spectrum of the stars (Figures 3 and A. 3, Table A.1).
There are five stars in Table A .1 with reddening less than 0.2 mag. The four stars whose reduced spectrum can be fitted without a scattered light component are all Sitko et al. (1981) shell stars. The bump-like depression in the spectrum of these stars, centered around 2400Å, is due to the Fe lines. HD50138 and AB Aur in particular have reddenings well above the 0.05 mag threshold. Their reduced spectrum can be compared to that of HD23480 (Figure 3) , of lesser reddening, but with a clear 2200Å bump feature. For HD259431 and HD45677, which have higher reddening, intrinsic and foreground extinctions are mixed and conclusions from the size of the bump are not so easy to reach. Comparison of their spectrum to HD62542 or to HD149757 (ζ Oph) is meaningless since these two stars are surrounded by dust (Cardelli & Savage, 1988) .
Star distances

Effect of scattered starlight contamination on distance estimates
A component of scattered light in the spectrum of reddened stars, if it is not identified and separated from the direct starlight, will give an impression of less extinction by large grains than it really is the case. A star for which the extinction is underestimated appears farther, if its distance is estimated by means of photometric methods, than it really is. Consequently, photometric distances to reddened stars will be overestimated when compared to trigonometric distances if the presence of scattered light is large enough to modify the estimate of the reddening of the star.
The difference between the reddening estimated from the observation, E(B − V ) obs , and the true E(B − V ), deduced from the analysis of the spectrum of HD46223 (Zagury, 2001a) , is ∼ 0.1 mag.. For the stars with high reddening used in Zagury (2001d) (Figure 4 of Zagury (2001d) ), E(B −V ) −E(B −V ) obs can be up to 0.2 mag. The corresponding errors on the distance modulus (DM = 5 log d
.3 mag and +0.6 mag, meaning that estimates of distance by means of UBV photometry can be out by up to +12%. The relative difference can be enhanced if the reddening is estimated from wavelengths shorter than the V -band (Hβ for example), since scattered light contamination increases with decreasing wavelength.
Observations
Hipparcos distances have been compared to photometric distances for some star clusters (see van Leeuwen & Hansen (1998) Pottasch & Acker, 1998) . There is agreement between the two methods for some objects, but there are objects for which the two methods lead to different results, with a systematic trend for Hipparcos distances to be smaller, by up to 15%, than the classical photometric mehods.
Since the same particularity exists for star clusters and for P.N., the cause is probably not linked to a specific class of objects (such as young clusters, as argued by van Leeuwen & Hansen (1998); see Stello & Nissen. (2001) who also rejects this hypothesis). It is not likely either that the reduction procedure of Hipparcos data be the cause of the discrepency; it would then affect all Hipparcos data, while there is a good agreement between Hipparcos and other ground-based parallaxes (Harris et al., 1997) .
The average reddening attributed to the Pleiades cluster, for instance, is low, of order 0.04 mag. (Robichon et al., 1999; van Leeuwen, 1999) , 0.06 mag. in the study of Crawford & Perry (1976) . On the other hand many of the Pleiades have a bump at 2200Å, which can be important, and proves that part of the interstellar matter seen in the direction of the pleiades (see IRAS images) must be in front of the cluster. E(B − V ) determined from Schlegel et al. (1998) in the directions of the three Pleiades stars, HIP17588, HIP17664, and HIP17704, used by van Leeuwen & Hansen (1998) to compare Hipparcos and Gatewood et al. (1990) parallax of the Pleiades, is between 0.2 and 0.3 mag., in much closer agreement with the large 2200Å bump found in the UV spectrum of these stars than with the low (a few 0.01 mag.) reddening deduced from their spectral type or admitted for the Pleiades. Many of the Pleiades stars used by Crawford & Perry (1976) , or by Robichon et al. (1999) , also have noticeable bumps.
It would thus be of particular interest to use the UV spectrum of the stars to reexamine the amount of extinction of the Pleiades. Likewise a misunderstanding of the true extinction for stars with different photometric and trigonometric distances could be at the origin of the discrepency. UV wavelengths can be a powerful tool to measure the true extinction of a star for which the distance is to be determined by means of photometry.
11 Towards a fit of the extinction curve
The standard theory framework
In the framework of the standard theory of extinction (i.e. if we do observe the direct light from reddened stars) the comparison of extinction curves, normalized to the same column density of large grains, is necessary to understand the relationships between the different types of particles responsible for the overall extinction. If the particles responsible for the UV extinction were the same large grains -or are in a constant proportion to the large grains-UV normalized extinction curves should superimpose well. In the contrary extinction curves normalized in the visible will differ in the UV.
Although logical, this reasoning leads to a dead-end. Extinction curves normalized by E(B − V ) have aleatory behaviors, meaning that the relations which clearly exist between the different parts of a non-normalized extinction curve [Savage et al. (1985) , or Zagury (2001d) for the relation between visible and far-UV extinctions] are lost when extinction curves are normalized by E(B − V ); the number of parameters necessary to fit extinction curves grows to 6, in contradiction with the empirical finding of Cardelli et al. (1989) who assert that one parameter is generally enough.
Moreover the Fitzpatrick & Massa (1990) fits correctly reproduce the observations in the UV but often diverge from it in the visible. For three of the stars of Figure 3 , the fit coefficients were calculated by Fitzpatrick & Massa (1988) and by Aiello et al. (1988) . Figure 4 plots the reduced spectra of these stars along with their Fitzpatrick & Massa (1990) fit. The fits are good at UV wavelengths (except in the bump region) but clearly diverge from observation in the visible. This absence of constraint of the Fitzpatrick & Massa (1990) fit by the visible part of the extinction curve is a first explanation to the absence of relationship found between the coefficients of the fit and E(B − V ) (Jenniskens & Greenberg, 1993; Aiello et al., 1988) . Fig. 3 . Recapitulative plot of all the reduced spectra fitted in the Appendix. Fit are represented as dashes and reduced spectra as solid lines. The spectra are scaled by an arbitrary factor. E uv is the reddening found from the fit, which can be slightly different from E(B − V ) deduced from photometry (see Table A .1). The expression of each fit is in Table A If scattered starlight is added to the direct starlight, the light we receive from a reddened star will be composed of direct starlight, extinguished by large grains in proportion of the column density (thus proportional to E(B − V )), on the one hand, and of the starlight scattered by hydrogen, also extinguished by large grains and proportional to the square of the column density (E(B − V )
2 ), on the other. Because of this difference in the dependence of the two components of the extinction curve on E(B−V ), normalization by E(B−V ) is meaningless. This is the second reason, in addition to its limited wavelength domain of application, why no relation was found between the far-UV and visible parts of the Fitzpatrick & Massa (1990) decomposition of the extinction curve.
A first step towards the fit of the extinction curve
Rayleigh scattering by hydrogen should be fitted by a function proportional to (Rayleigh, 1871; Zagury, 2003b) :
The e −2Es/λ term is for the extinction by large grains of the scattered light. The e −g/λ 4 term accounts for extinction by the gas. g should grow with the gas column density. This term is usually considered as small compared with the extinction by large grains, but it may gain in importance in the UV. It must affect direct starlight as well as scattered light.
Outside the bump region, the fit of the reduced spectrum of a reddened star should ressemble:
λ is in µm. Since direct and scattered light cross media which should be very much alike, we can suppose g d = g and E d = E s = E uv (E uv is the reddening determined from the UV part of the reduced spectrum, which should be close to E(B − V ) obs deduced from photometry and spectral type).
f (1/λ) contains the dependence of the scattered light, corrected for the extinction by large grains, on 1/λ. f also depends on the distances to the cloud and to the star. From the observations I have used in Zagury (2001a,d) , f seems to depend on λ as 1/λ 4 . Then:
β depends on the distances to the cloud and to the star. Table A .1. Although there are uncertainties on these fits and they probably can be improved, the coefficients found already give an idea of the relationships which may exist between the parameters of expression 20. Figure 5 confirms the relationship, already evidenced in Zagury (2001d) , between the visible and the far-UV parts of the extinction curve. E uv , the value of the reddening in the direction of each star obtained from the analysis of the extinction curve, is plotted against E vis , the reddening determined from the star photometry. There is good agreement between the two values.
The βE uv 2 coefficient which fixes the importance of the scattered light is plotted against E uv in Figure 6 . It roughly behaves as E uv 2 , as expected, with β ∼ 0.035 (neglecting the dependence on the geometry).
The gas extinction term g affects the far-UV part of the fits, permitting a steeper curve in the far-UV. It is not clear whether the steepness of the far-UV extinction curve is due to this term or to the wing of the Lyα absorption line. AB Aur (Figure A. 3) and HD190073 for instance have steep far-UV reduced spectra. Since the reddening in these two directions is low it can be surmised that gas extinction is negligible -even in the UV-so that the steepness of the far-UV extinction curve in these directions is due to the wing of the Lyα absorption. Comparison with the non-reddenned star HD104878 shows this is certainly the case for AB Aur, and probably also for HD190073 (Figure 8) . The absence of a clear relation in Figure 7 plot of g versus E uv will also be related to this difficulty of a precise determination of g. The pertinence of a gas extinction term can probably also be investigated from a theoretical point of view by the comparison of the extinction cross-section of the gas to the values of g (a few 10 −4 , if λ is in µm) given in Table A.1. 12 Probing coherent scattering in the forward direction in laboratory
There are no theoretical or experimental investigations of coherent scattering as this seems to intervene in the observation of reddened stars. The main problem for a laboratory experiment consists in re-scaling the specific conditions which allow its observation in astronomy to an experiment on earth.
The scatterers need to be symetric particles, such as hydrogen or helium.
A non-homogenous medium may also be necessary (section 6). For optimum conditions the gas should be placed half way between the source and the observer (l 0 = d 0 = 0.5D, section 3).
If r 0 is the radius of the surface S 0 within which scattering is coherent, we deduce from equation 8:
The experiment should be done in the UV, with ∆ 0 ∼ 1500Å. r 0 and d 0 are then related by:
If condition 22 can be satisfied, the density of the gas will be fixed by the sensitivity of the spectrometer.
Conclusion
The hypothesis of the standard theory of extinction, that the UV light we receive from a reddened star is mainly the direct light from the star, and its corollary, the three component interstellar grain model, is not borne out by observation.
The only alternative to the standard theory is that the spectrum of a reddened star is contaminated by light scattered at small angular distances from the star. The far-UV part of the extinction curve is observed to be less than the continuation of the visible extinction by large grains because of the importance of the scattered light component in the UV.
There is no need for particles such as PAH to explain the far-UV light we receive from a reddened star, with the probable implication that these particles do not exist in the interstellar medium. This is not so much surprising since one can wonder how particles, which are so complicated that they cannot be synthesised on earth, can proliferate in the low density environment of an average interstellar cloud. This paper has reviewed several implications regarding the introduction of scattered light in the spectrum of reddened stars, and has shown that some do meet existing observations. In the first part of the paper I have discussed several aspects of coherent scattering in the near forward directions, which is the unique reason I have found to explain the importance of the scattered light component (Zagury, 2001b) . There is up to date no theoretical treatment of this phenomenom, only briefly mentionned by Bohren & Huffman (1983) . The reason might be the specific conditions necessary to its observation which require large distances between the source of light, the scattering medium and the observer. A non-homogenous medium, a turbulent one for instance, may also be needed. Although these conditions are naturally met in astronomy, they are more difficult to realize in laboratory (section 12).
Elementary calculations show that coherent forward scattering by hydrogen can account for the order of magnitude found for the scattered light which contaminates the spectrum of reddened stars. This scattering probably occurs within angles of 10 −8 " or less from the direction of the stars. Theory indicates that the amount of light scattered by an homogenous medium, received on earth per unit time and unit surface, will e.g. remain small compared to the unreddened flux of the star, F 0 . By contrast, the light received on earth per unit time and unit surface from an irregular medium with no large grains and in which N H S 0 hydrogen atoms are concentrated in the first Fresnel zone, with nothing in its immediat vicinity, can theoretically, in the conditions met in astronomy, be up to five orders of magnitude larger than F 0 at UV wavelengths. Energy conservation is of course respected since the scattered light comes from a surface (S 0 ) of the cloud much larger than the one which corresponds to the direct starlight. P cs /F 0 ratios estimated from observations are in-between these two extremes. This may imply that interstellar clouds are not homogenous at scales larger than a few hundred km.
This introduction to coherent scattering in the forward direction is also limited owing to the simplicity of the hypothesis I have adopted. It is not enough, for example, to understand the 1/λ 4 dependence found for the scattered light (Zagury, 2001a,d) . The power of the scattered light calculated in section 3 is independent of the geometrical conditions, which is probably only a first order approximation: if the cloud is close to the star (d 0 = 0) variations of the pathlengths for the scattered light will be large (compared to UV wavelengths) and random, even at very close angular distance from the star. The effect of coherence will be annihilated.
This latter result was announced by Sitko et al. (1981) , who showed that hot stars with circumstellar dust have a 2200Å bump smaller than expected from their reddening. Sitko et al. (1981) result was extended to planetary nebulae (section 8). It is concluded that circumstellar matter participates little or nothing to the 2200Å bump. The bump, when present, is mainly due to a foreground cloud. The extinction curves for the Sitko et al. (1981) stars with 0.1 < E(B −V ) < 0.2 are a straight line from the visible to the UV: we observe the extinction of the direct starlight by the large grains (with a continuous extinction law) only.
The diminution of the 2200Å bump when extinction comes from circumstellar material emphasizes the link between the coherent scattered light and the bump. It confirms an opinion I have already expressed (Zagury, 2001b (Zagury, , 2002b ) that the bump is not an absorption feature but an interruption of the scattered light, or, as I believe today, a compensation between the extinction by the gas of the direct starlight, and the scattered light.
Standard extinction laws tend to underestimate the true extinction by large grains. If the distance of a star is estimated by means of photometry, the unreddened flux of the star will be underestimated, and the star will be believed to be farther than it really is. The mismatch can be larger than 10 %, and should be observed when photometric distances of reddened stars are compared to parallaxes. This may be related to on-going problems on the comparison between Hipparcos results to distances previously determined by photometric means.
Based upon the dependence on λ of the far-UV extinction curve in a few directions found in Zagury (2001a,d) , I have discussed what should be the fit of the extinction curve. This early attempt to give a physical meaning to the fit of the extinction curve was applied to the stars used in this paper and in Zagury (2000b) . The relationship between far-UV and visible extinctions found by Zagury (2001d) is well confirmed. The coefficient which determines the importance of the scattered light component roughly behaves as N 2 H , as expected. The fit used in section 11 and in the appendix introduces a gas extinction term ∝ e −g/λ 4 which accounts in part for the steepness of the extinction in the far-UV. It is not clear whether this effect is real or due to the wings of the Lyα absorption.
In the latter case, i.e. if far-UV extinction by the gas is negligible, the fits given in the paper will have to be reviewed. This will not affect the relationship between the reddening determined from the UV part of the spectrum of reddened stars, E uv , and the visible reddening E(B − V ). It is clear that theoretical investigations, laboratory experiments of coherent forward scattering, and studies involving a larger number of stars, will more deeply constrain the fit of the extinction curve.
In section 11.1 I have also discussed the reasons why no relation was ever found using the Fitzpatrick & Massa (1990) fit of the extinction curve, and more generally why this fit is not appropriate to a correct representation of the extinction curve. (1) Reddening of the P.N.. E(B − V ) ∼ 0.7c is calculated from the 'c' (the logarithmic extinction in Hβ) column of Table 1 in Cazetta & Maciel (2000) ; a after the magnitude, indicates that E(B − V ) comes from Acker et al. (1998) .
(2) Large scale value of E(B − V ) from Schlegel et al. (1998) (http://nedwww.ipac.caltech.edu/forms/calculator.html). Gives the reddening due to interstellar cirrus in the direction of the P.N., for |b| > 5. When |b| < 5, the galactic latitude replaces E(B − V ) ci If the P.N. is behind the cirrus, E(B − V ) ci is the reddening due to foreground dust, excluding the material surrounding the star.
(3) Photometric distance (kpc) from Cazetta & Maciel (2000) .
(4) Trigonometric distance (kpc), from Hipparcos. '∞' is for negative Hipparcos parallaxes.
(5) IUE number of one IUE long-wavelength spectrum that can be used to prove the absence or the presence of a 2200Å bump. (1) Spectral type.
(2) B − V from Sitko et al. (1981) ; updated with Simbad and the Lausanne University database (http://obswww.unige.ch/gcpd). (5) Estimated distance (pc) from the sun (Hipparcos).
(6) Infrared 100 µm 60 µm color, around the star, of the interstellar cirrus. This is the slope of the linear regression between the 100 µm and the 60 µm images, on a 2 • × 2 • field centered on the star.
(7) Ratio of the 100 µm emission at the position of the star, to what should be the 100 µm emission of the cirrus, estimated from the 60 µm emission at the position of the star, and the linear regression found between the 100 µm and 60 µm emission (item (6)). If the reddening of a star is mainly due to circumstellar dust, this dust should have a high temperature; we expect the 100⋆ 100 ci ratio to be small. On the contrary, if the extinction is due to foreground dust 100⋆ 100 ci will be close to 1.
A Appendix: Fit of extinction curves
The reduced spectra of the stars used in Zagury (2000b) Zagury (2000b) , with an arbitrary logarithmic y-scaling. The visible part of the spectra is represented by the phbotometric UBV points. Dotted lines are the direct and scattered starlight components. The expression of each fit can be found in Table A .1 32 absolute uniqueness of each fit, and the relevance of the gas extinction parameter g still remains to be proved (section 11). In absence of more constraints I tried to determine a good fit to each of the spectra. The fits extend from the visible to the far-UV, the visible spectra are replaced by the photometric UBV points retrieved from the Lausanne database (http://obswww.unige.ch/gcpd).
The reduced spectra of Sitko et al. (1981) stars can be classified, as I have done in previous papers, according to how far towards the visible the scattered component can be perceived. HD163296, HD190073, HD50138, AB Aur, follow the same extinction law in the visible and in the UV (Figure A.3) , thus have a negligible scattered light contamination. For HD45677, of moderate reddening, the visible extinction law extends down to the bump region, the scattered component appears as superimposed on the tail of the far-UV extinction by large grains. The reduced spectrum of each of the four stars of higher reddening (HD259431, V380 Ori, BD+61
• 154, BD+40
• 4124) multiplied by λ 4 , is an exponential of 1/λ in the far-UV ( Figure A.2) ; the exponent, 2E uv , is close to 2E(B − V ) ( Figure 5 ). The far-UV slope of BD+40
• 4124, the star with the highest reddening, is difficult to determine, because of the small wavenumber interval between the bump on the short wavenumber side, and the Lyα line on the other side. Figure A. 3 plots, as it was done for the stars of Zagury (2000b) , the reduced spectra of Sitko et al. (1981) stars (except for HD190073, see figure 8 ) and a possible fit deduced from equation 20. Sitko et al. (1981) stars of high reddening, multiplied by λ 4 . Each spectrum is well fitted by an exponential of 1/λ, with an exponent 2E uv close to 2E(B − V ) ( Figure 5 ). Only for BD+40 • 4124 is the slope difficult to determine because of the importance of the 2200Å bump and of the Lyα absorption. Fig. A.3 . Fits, outside the bump region, for the reduced spectra of Sitko et al. (1981) stars. Fit are represented as dashes and reduced spectra as solid lines. y-axis is logarithmic. The spectra are scaled by an arbitrary factor. E uv is the reddening found from the fit, which can be slightly different from E(B − V ) deduced from photometry (see Table A .1). The expression of each fit is in 
S
(1) Standard star used to establish the reduced spectrum of the star. Each of these reference star was corrected for its slight reddening (see Table A .2) according to Zagury (2001c) ).
(2) E(B − V ) from UBV photometry and spectral type. Corresponds to E vis in Figure 5 .
(3) E uv deduced from the UV part of the reduced spectrum.
(4) Large scale value of E(B − V ) from Schlegel et al. (1998) .
(5) 'S' is for Sitko et al. (1981) shell stars, uv2 for Zagury (2000b) . (2) B−V from the Lausanne University database (http://obswww.unige.ch/gcpd).
(3) E(B − V ) deduced from spectral type and Fitzgerald (1970) .
